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(57)Abstract: 

PROBLEM TO BE SOLVED: To control the liquid crystal 
molecules in a liquid crystal layer of a liquid crystal 
display device so as to have various alignment directions 
in a simple production process and to increase the 
viewing angle of the liquid crystal display device. 
SOLUTION: The device consists of an upper glass 
substrate 1, a lower glass substrate 2, a liquid crystal 
layer 5 held between the upper glass substrate 1 and the 
lower glass substrate 2, a plurality of pixel electrodes 3 ' 
arranged in a matrix on the upper glass substrate 1 side 
of the liquid crystal layer 5 T a common electrode 4 on 
the lower glass substrate side 2 of the liquid crystal 
layer 5, one or plurality of protruding parts 6 made of a 
dielectric material and formed on each pixel electrode 3, 
a controlling electrode 8 formed on each protruding part 
6 and electrically insulated from the pixel electrode 3, 
and an alignment layer 7 covering the common electrode 
4 and covering the face formed by each pixel electrode 
3, protruding part 6 and controlling electrode 8. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
l.This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2 **** snows the word which can not be translated. 
3 In the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] The liquid crystal layer pinched between 
the first substrate, the second substrate, and said 
first substrate and second substrate, Two or more 
pixel electrodes which are located in said first 
substrate side in said liquid crystal layer, and are 
arranged in the shape of a matrix, The common 
electrode located in the second substrate side of 
said liquid crystal layer, and two or more heights 
which are prepared on said each pixel electrode 
and consist of dielectric materials, Two or more 
control electrodes which it is prepared on said 
each heights and carry out electric insulation to 
said each pixel electrode, The field which said 
common electrode bonnet and said each pixel 
electrode, said each heights, and said each control 
electrode constitute together A wrap orientation 
layer, The extensive viewingangle liquid crystal 
display characterized by what the liquid crystal 
molecule in said liquid crystal layer controls 
having the variety arrangement direction by the 
preparation, the configuration of each of said 
heights, the electrical potential difference 
impressed to said each control electrode, and the 
ununiformity electric field by the edge of each of 
said pixel electrode, and the viewing angle of a 
liquid crystal display therefore spreads. 
[Claim 2] The electrical potential difference 
impressed to said each control electrode is the 
same extensive viewingangle liquid crystal 
display according to claim 1 as the electrical 
potential difference impressed to said common 
electrode characterized by things. 
[Claim 3] The liquid crystal layer pinched between 
the first substrate, the second substrate, and said 
first substrate and said second substrate, Two or 
more pixel electrodes which are located in said 
first substrate side in said liquid crystal layer, and 
are arranged in the shape of a matrix, Two or 
more heights which are prepared in each area 
corresponding to the common electrode located in 
the second substrate side in said liquid crystal 
layer, and said each pixel electrode on said 
common electrode, and consist of dielectric 
materials, Two or more control electrodes which it 
is prepared on said each heights and carry out 
electric insulation to said common electrode, The 
field where a bonnet and said common electrode, 



each [ said ] heights, and said each control 
electrode constitute said each pixel electrode 
together A wrap orientation layer, The extensive 
viewing angle liquid crystal display characterized 
by what the liquid crystal molecule in said liquid 
crystal layer controls having the variety 
arrangement direction by the preparation, the 
configuration of each of said heights, the electrical 
potential difference impressed to said each control 
electrode, and the ununiformity electric field by 
the edge of each of said pixel electrode, and the 
viewing angle of a liquid crystal display therefore 
spreads. 

[Claim 4] The electrical potential difference 
impressed to said each control electrode is an 
extensive viewing- angle liquid crystal display 
according to claim 3 characterized by being the 
same as that of the electrical potential difference 
impressed to said common electrode. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to 
an extensive viewing-angle liquid crystal display. 
It is related with the TFT active matrix (active 
matrix) liquid crystal display which has an 
extensive viewing angle especially. 
[0002] 

[Description of the Prior Art] Although a liquid 
crystal display has many advantages (for example, 
that the volume is small, thing [ weight ]) 
compared with a cathode -ray tube (CRT) display, 
there is a remarkable fault, namely, the viewing 
angle of a liquid crystal display is much narrower 
than a CRT display. In order to improve this point, 
various liquid crystal displays are developed. For 
example, it is in IPS (In-Plane Switching) mode. 
However, IPS • mode " has a fa:ult that **** 
permeability is much lower than the conventional 
TN (Twisted Nematic) mode. For this reason, IPS 
mode is restricted to application of a desktop 
computer, and is not suitable to a pocket mold * 
computer. 

[0003] In order to extend the viewing angle of a 
liquid crystal display, by making the arrangement 
direction of the liquid crystal molecule in a liquid 
crystal layer change as an option, it will have the 
variety liquid crystal molecule arrangement 
direction, and the viewing angle of a liquid crystal 
display spreads by it. 

[0004] For example, drawing 6 A and drawing 6 B 
show the fragmentary sectional view of the 
conventional liquid crystal display ****(ed) by 
FUJITSU, LTD. This liquid crystal display has the 
top glass substrate 1, the bottom glass substrate 2, 
the pixel electrode 3, the common electrode 4, the 
liquid crystal layer 5, heights 6, and the 
orientation layer 7. According to drawing 6 A, an 
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electrical potential difference is not impressed 
.between the pixel electrode 3 and the common 
electrode 4, or when not exceeding a threshold 
with the impressed electrical potential difference, 
the liquid crystal molecule of the liquid crystal 
layer 5 is arranged in the same direction (the 
vertical direction in drawing). When a threshold 
with the electrical potential difference impressed 
between the pixel electrode 3 and the common 
electrode 4 was exceeded according to drawing 6 B, 
some liquid crystal molecules of the liquid crystal 
layer 5 were influenced by the heights 6 on the 
pixel electrode 3 and the common electrode 4, and 
changed the arrangement direction. Since the 
orientation layer 7 and the arrangement direction 
of the liquid crystal molecule which this has in 
about six heights cross at right angles mostly. In 
the result, a liquid crystal molecule has the 
variety arrangement direction, and, therefore, the 
viewing angle of a liquid crystal display spreads. 
[0005] Drawing 7 A and drawing 7 B show the 
fragmentary sectional view of another 
conventional liquid crystal display ****(ed) by 
IBM. This liquid crystal display is equipped with 
the top glass substrate 1, the bottom glass 
substrate 2, the pixel electrode 3, the common 
electrode 4, the liquid crystal layer 5, and the 
orientation layer 7. Since the concave 9 is formed 
in the common electrode 4, there is a 
discontinuous place in the common electrode 4 in 
it. As shown in drawing 7 A, an electrical potential 
difference is not impressed between the pixel 
electrode 3 and the common electrode 4, or when 
not exceeding a certain threshold, the liquid 
crystal molecule of the liquid crystal layer 5 is 
arranged in the same idixection,- and* that of the 
impressed electrical potential difference is the 
same W that of drawing 6 A: They are 
ununiformity electric field (it is shown in an arrow 
head like) according [ some liquid crystal 
molecules of the liquid crystal layer 5 ] to the 
discontinuous place of the common electrode 4 
when exceeding the threshold which, on the other 
hand, has the electrical potential difference 
impressed between the pixel electrode 3 and the 
common electrode 4. It was influenced and the 
arrangement direction changed. Since, as for this, 
the arrangement direction of a liquid crystal 
molecule intersects perpendicularly in the 
direction of electric field. A liquid crystal molecule 
has the variety arrangement direction, and the 
result stored the effectiveness that a viewing 
angle spread. 

[0006] Furthermore drawing 8 was ****(ed) by 
IBM, the fragmentary sectional view of another 
conventional liquid crystal display is shown. This 
liquid crystal display has the top glass substrate 1, 
the bottom glass substrate 2, the pixel electrode 3, 



the common electrode 4, the liquid crystal layer 5, 
heights 6, and the orientation layer 7. It can be 
considered that this conventional technique is the 
combination of said two conventional techniques. 
In a detail, it has the variety liquid crystal 
molecule arrangement direction for the 
ununiformity electric field (it is shown in an arrow 
head like) by heights 6 and the edge of the pixel 
electrode 3. Therefore, the effectiveness that the 
viewing angle of a liquid crystal display spread 
was stored. 

[0007] In said first and the third conventional 
technique, in order to control the arrangement 
direction of an about six heights liquid crystal 
molecule, the dielectric material which constitutes 
heights 6 needs to fulfill certain conditions, for 
example, all of resistivity, a dielectric constant, a 
configuration, etc. have a limit. In the second 
conventional technique, since it is necessary to 
establish a concave 9 to the common electrode 4, a 
fabrication process is complicated. 
[0008] 

[Problem(s) to be Solved by the Invention] In view 
of this, this invention offers the extensive 
viewing angle liquid crystal display characterized 
by controlling the arrangement direction of the 
liquid crystal molecule near [ said ] the heights by 
preparing the convex section of a pixel electrode or 
a common electrode according to an easy 
manufacture process, preparing a control 
electrode on the heights, and impressing the 
suitable electrical potential difference for the 
control electrode. A restriction does not have 
especially the property of the dielectric material 
which constitutes said heights as the advantage. 
• Moreover, the: ununiformity-electr-ic -field Aby the 
edge of a pixel electrode are used, and the 
arrangement direction of the liquid crystal 
molecule near the edge of a pixel electrode is 
controlled. 
[0009] 

[Means for Solving the Problem] As shown in 
. drawing 1 , the extensive viewing- angle liquid 
crystal display by the gestalt of operation of the 
1st of this invention The liquid crystal layer 5 
pinched between the top glass substrate 1, the 
bottom glass substrate 2, and the top glass 
substrate 1 and the bottom glass substrate 2, The 
pixel electrode 3 located in the glass substrate 1 
side when it can set in the liquid crystal layer 5, 
and the common electrode 4 located in the bottom 
glass substrate 2 side in the liquid crystal layer 5, 
It is prepared on the pixel electrode 3, and it is 
prepared on the heights 6 which consist of 
dielectric materials, and heights 6, and has the 
wrap orientation layer 7 for the field where a 
bonnet and the pixel electrode 3, heights 6, and a 
control electrode 8 constitute together the control 
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electrode 8 which carries out electric insulation to 
the pixel electrode 3, and the common electrode 4. 
[0010] The liquid crystal molecule in the liquid 
crystal layer 5 controls having the variety 
arrangement direction by the configuration of 
heights 6, the electrical potential difference 
impressed to the control electrode 8, and the 
ununiformity electric field (it is shown in an arrow 
head like) by the edge of the pixel electrode 3, and, 
therefore, the viewing angle of a liquid crystal 
display spreads. 

[0011] As shown in drawing 2 , the extensive 
viewing-angle liquid crystal display by the gestalt 
of operation of the 2nd of this invention The hquid 
crystal layer 5 pinched between the top glass 
substrate 1, the bottom glass substrate 2, and the 
top glass substrate 1 and the bottom glass 
substrate 2, The pixel electrode 3 located in the 
glass substrate 1 side when it can set in the liquid 
crystal layer 5, and the common electrode 4 
located in the bottom glass substrate 2 side in the 
liquid crystal layer 5, The heights 6 which are 
prepared in the area corresponding to the pixel 
electrode 3 on the common electrode 4 (area 
surrounded by the broken line of drawing 2 ), and 
consist of dielectric materials, It is prepared on 
heights 6 and has the wrap orientation layer 7 for 
the field where a bonnet and the common 
electrode 4, heights 6, and a control electrode 8 
constitute together the control electrode 8 which 
carries out electric insulation to the common 
electrode 4, and the pixel electrode 3. 
[0012] The liquid crystal molecule in the liquid 
crystal layer 5 controls having the variety 
arrangement direction by the configuration of 
^heights 6^^the--electriGal ^ potential-' difference 
impressed to the control electrode 8, and, the 
ununiformity Electric field (it is shown in an arrow 
head like) by the edge of the pixel electrode 3, and, 
therefore, the viewing angle of a liquid crystal 
display spreads. 
[0013] 

[Embodiment of the Invention] Hereafter, the 
gestalt of suitable operation of this invention is 
explained based on a drawing. Drawing 3 shows 
the detailed semi-conductor structure of heights 6 
and its near area in the gestalt of said 1st 
operation. Heights 6 consist of dielectric materials 
and are arranged on the pixel electrode 3. A 
control electrode 8 is formed by growing up a 
conductor on heights 6. The left-hand side of 
drawing 3 shows passivation 131 and the 
amorphous silicon thin film transistor 13 which 
contains a metal 36 second for a start a metal 32, 
the n+ area 133, amorphous silicon 134, the gate 
insulator 135, and second for a start. 
[0014] Six mask steps are required for the whole 
structure shown in drawing 3 . Five mask steps 



are required for the amorphous silicon thin film 
transistor 13 shown in the left-hand side of 
drawing 3 on the other hand. In the case of the 
former, it is for one mask many and its mask 
growing a conductor (control electrode) 8 on an 
insulator (heights) 6 from the latter. 
[0015] Drawing 4 is the semi conductor structure 
of the conventional hquid crystal display, and 
since the left-hand side 13' is similar to the 
left-hand side 13 of drawing 3 , the explanation is 
omitted. With reference to the right-hand side 14 
of drawing 4 , a storage capacitor (storage 
capacitor) is formed with the first metal 15, the 
second metal 16, and the gate insulator 17. If 
slight semi-conductor structure shown in drawing 
4 is changed, the heights of this invention and the 
structure of a control electrode will be acquired. 
With reference to drawing 5 , the ITO layer 24 
works as a control electrode 8. The first metal 21 
which exists caudad, the second metal 22, the gate 
insulator 23, and passivation 25 of the ITO layer 
24 form heights together. ; (2) which has the 
storage capacitor with which the :(l) first metal 21 
which has two advantages, the second metal 22, 
and the gate insulator 23 constitute together the 
semi-conductor structure shown in drawing 5 - 
the number of required masks is five and a 
manufacturing cost can be excluded compared 
with the semi-conductor structure (the number of 
required masks is six) shown in drawing 3 R> 3. 
[0016] In the gestalt of said two operations, it 
works as a switch for thin film transistors 13 
( drawing 3 ) and 24 ( drawing 5 ) to drive a pixel 
electrode. Moreover, the electrical potential 
difference impressed to the control electrode 8 is 
the * same ^as~ -the * electrical ^potential difference 
impressed to the common electrode. 4. 

[Brief Description of the Drawings] 
[Drawing l] It is drawing showing the 
fragmentary sectional view of the extensive 
viewing angle liquid crystal display by the gestalt 
of operation of the 1st of this invention. 
fDrawirig 21 It is drawing showing the 
fragmentary sectional view of the extensive 
viewing angle liquid crystal display by the gestalt 
of operation of the 2nd of this invention. 
fDrawing 31 In the gestalt of said 1st operation, it 
is the sectional view of the semi-conductor 
structure of heights and its near area. 
[Drawing 41 It is the sectional view of the 
semi-conductor structure of a liquid crystal 
display of having the conventional heights. 
[Drawing 5] It is the sectional view of the 
semi-conductor structure of the heights by the 
gestalt of suitable operation of this invention. 
[Drawing 6 A] It is the fragmentary sectional view 
of the conventional liquid crystal display. 
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[Drawing 6 B] It is the fragmentary sectional view 
of the conventional liquid crystal display. 
[Drawing 7 A] It is the fragmentary sectional view 
of another conventional liquid crystal display. 
[Drawing 7 B] It is the fragmentary sectional view 
of another conventional liquid crystal display. 
[Drawing 81 Furthermore, it is the fragmentary 
sectional view of another conventional liquid 
crystal display. 
[Description of Notations] 

1 Top Glass Substrate 

2 Bottom Glass Substrate 

3 Pixel Electrode 

4 Common Electrode v 

5 Liquid Crystal Layer 

6 Heights 

7 Orientation Layer 

8 Control Electrode 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



